came from the d'Herelle laboratory by way oTMoulgakov and Asheshov. Phages T2, T4, and T6 were described by Demerec and Fano (1945) . Phage C16 is the type phage of Burnet's serological group 11 and was obtained from Dr. B. Stocker.
Strain B of Escherichia coli is the strain used by Demerec and Fano. Strain Cullen of E. coli is from the Ward MacNeal collection while strains alpha and FCb of E. coli were obtained from Asheshov. The salmonella and shigella strains have been in our departmental collection for some years.
Growth media for members of the T5 species contained 10-3 N CaCl2. The chemically defined medium used for calcium requirement studies contained 0.05 M Na2HPO4, 0.02 M KH2PO4, 0.02 M NH4Cl, 0.02 M glutamic acid, 0.02 M glucose, and 0.001 M MgSO4 at pH 7.0. These were reagent grade chemicals. The sodium chloride-citrate buffer diluents used in the heat stability studies contained 0.001 N trisodium citrate adjusted to pH 7.0 and appropriate amounts of sodium chloride. The magnesium-phosphate buffer used in the mixed infection experiments contained 0.001 M MgSO4, 0.01 M Na2HPO4, and 0.15 M NaCl adjusted to pH 7.0.
RESULTS
Serological relationhip. Dr. I. N. Asheshov of the Bronx Botanical Gardens, New York, first noted the serological relationship among phages PB, BG3, 29 alpha, and T5. This relationship was readily demonstrable by neutralization tests with both anti-T5 and anti-PB rabbit sera. For these experiments the antisera were diluted 1/50 in broth and warmed to 37 C. The phage stocks after appropriate dilution in broth were mixed with the antisera and sampled at intervals to determine the surviving phage. The kinetics of inactivation followed the course previously noted for Ti (Delbruick, 1945a) and T5 and PB (Adams, 1951a Anderson (1946) , and of phages T5 and PB by Adams (1951a) . Phages BG3 and 29 alpha are not distinguishably different from T5 and PB when examined in the electron microscope. Phage C16 is not distinguishable from phages T4 and T6 as illustrated by Anderson (1946) , or from T2 as illustrated by Hook et al. (1946) . The members of the T5 species are very nearly the same size as the members of the T2, T4, T6, C16 species but are readily distinguishable by the shape of the head and relative length of the tail.
Host range patterns. Host range is the most convenient method for distinguishing the closely related viruses T2, T4, and T6 (Delbruick, 1946) . Similarly host range serves to distinguish the various members of the T5 group. Some of the many bacterial hosts for these phages are listed in table 1. In this experiment the same dilution of phage stock was plated on all 13 bacterial strains so that the relative plaque counts of any single phage indicate the relative efficiencies of plating on the various hosts. Strain Cullen of E. coli is a common host for all of the phage strains, but of these, BG3 absorbs slowly and has a low efficiency of plating. Cullen has three distinct phage resistant mutants, each with a different susceptibility to the members of this phage group. Bacterial strains are available which are sensitive to one phage strain only for phages T5, PB, BG3, and 29 alpha. All strains susceptible to PB-T5 hybrid 7 are also susceptible to T5 or PB. However, it should be noted that the host range of the hybrid phage differs considerably from that of either of its parents. In addition to the hosts listed in table 1, the various phages of the T5 group are able to attack many other strains of coli, salmonella, and shigella (Adams, 1951b) . Sensitivity to citrate and the nutritional requirement for calcium. The addition of 0.05 M citrate ion to the nutrient agar plating medium prevents plaque development with all four phages, T5, PB, BG3, and 29 alpha. This concentration of citrate ion has no effect on plaque development with the members of the T2, T4, T6 serological group or the T3, T7 group (Adams, 1949b) . In the cases of phage T5 (Adams, 1949b) and phage PB (Adams, 1951a ) the inhibitory effect of citrate ion was shown to be due to the inability of these phages to multiply in the absence of available calcium ion. To test for a calcium requirement for phages BG3 and 29 alpha the chemically defined medium previously described was prepared using distilled water and pyrex glassware. The medium was divided into two portions, and CaCl2 to 103 M was added to one portion. The media were inoculated with strain alpha of E. coli and incubated with aeration to a bacterial concentration of 2 X 108 per ml. The cultures were inoculated then with phage BG3 or phage tures containing calcium ion cleared in about 232 hours after addition of phage.
There was no visible lysis in the cultures lacking added calcium when incubation was stopped 3 hours after phage inoculation. The cultures were centrifuged to sediment bacteria and assayed for phage. The phage titers were BG3, no calcium 1.7 X 10w, with calcium 1.9 X 1010; 29 alpha, no calcium 4.0 X 109, with calcium 1.2 X 1011 per ml. It is evident that the addition of calcium to the medium results in a large increase in phage yield. The modest phage production in the absence of added calcium is due to contamination of the reagent grade chemicals with calcium. These must be repeatedly recrystallized to reduce the calcium to a negligible level (Adams, 1949b) .
Sensitivity to ultraviolet irradiation. When subjected to ultraviolet irradiation at a wavelength of 2537 A, all four phage strains were rapidly inactivated, the kinetics being of the first order except for a slight initial lag. The inactivation (1947) demonstrated that preparations of some phages which had been inactivated by ultraviolet irradiation could regain a considerable amount of plaque forming ability under conditions of multiple infection. He found this phenomenon to be readily demonstrable with phages T2, T4, T6, and T5 but not with T3 or T7. Luria and Dulbecco (1949) were able to detect a slight degree of multiplicity reactivation with T1. To demonstrate multiplicity reactivation, phage stocks were diluted in buffer to about 10" per ml and irradiated to a survival of about 10-8. Then they were assayed bydilution in broth and plating (single infection) and after adsorption to host cells, dilution and plating (multiple infection). The adsorption mixtures contained 5 X 108 phage and 7 X 107 bacteria per ml, and adsorption was for 20 minutes at 37 C in broth. Cullen was host for phages PB and 29 alpha whereas coli alpha was host for BG3 because this phage adsorbs too slowly to Cullen. The results in table 2 demonstrate a marked increase in the titers of the irradiated phage following multiple infection of host cells. Multiplicity reactivation is a common property of the serological relatives of phage T5.
Heat stability in broth. The phage stocks were diluted in nutrient broth with 10-3 M CaCl2 added, heated at 70 C, and sampled at intervals for assay. The first order velocity constants for inactivation were 0.44 per min for T5, 0.40 per min for 29 alpha, 0.71 per min for BG3, and 0.1 per min for PB. The first three phages are very similar in heat stability, but phage PB is inactivated at Y the rate of the others. This variability within the T5 group is as great as the difference in stability between the T5 group and T2, T4, T6, or Ti. However, T3 and T7 are inactivated much more rapidly than any of the above phages (Adams, 1949a; Foster, Johnson, and Miller, 1949) .
Heat stability in saline. The heat stabilities of the phage stocks were determined in a diluent containing 0.1 N NaCl, 0.001 N trisodium citrate, and 10 jg gelatin per ml at pH 7.0. The first order velocity constants were determined at experimentally suitable temperatures, and the resultant Arrhenius plots were extrapolated to 50 C if necessary (Adams, 1949a Phage BG3 adsorbed so poorly' to Cullen that a good one step growth curve was not obtained. However, BG3 on strain alpha of E. coli had a latent period of about 42 min. The minimum latent periods for the T5 group then fall in the range of 38 to 50 min, quite distinct from the range of the T2, T4, T6 group which is 21 to 26 min and from the range of Ti, T3, and T7 which is about 13 min. The burst size is a property which is so dependent on the cultural conditions of the host cell that it is not a very useful characteristic.
Mixed infection. As mentioned in the introduction, the results of mixed infection experiments have been proposed as a criterion of whether two virus strains should be included within the same species or one of them should be excluded from the species. Mixed bursts and genetic recombination have been observed following mixed infection with T5 and PB (Adams, 1951b) . In general the same techniques have been applied with the T5-29 alpha and the T5-BG3 pairs except that the phages were adsorbed to host cells, washed, and aerated in buffer by the technique of Benzer (1952) . Unadsorbed phage was eliminated by centrifugation. Since both 29 alpha and BG3 are considerably more heat resistant in dilute salt solutions than is phage T5st+, this made a convenient genetic marker to look for in the T5 progeny of mixed infection experiments. The T5 progeny were heated, and the heat resistant survivors subcultured and tested for hereditary heat resistance. Another recombinant observed in the T5-BG3 mixed infection experi-ment was a small plaque variant seen when the progeny were plated on host FCb. These plaques were pinhead in size with an opaque halo, quite different from anything observed when T5 stocks are plated on FCb. This plaque morphology is hereditary whether the phage hybrids are subcultured on FCb or on B but is visible only when they are plated on FCb. The hybrid is indistinguishable from wild type T5 when plated on B. The significant data in these mixed infection experiments are summarized in table 3.
The proportion of heat resistant mutants in single plaque stocks of T5st+ phage is of the order of 10- (Adams and Lark, 1950) so that the hereditarily heat resistant variants of T5 isolated in the mixed infection experiments could not. have arisen by mutation but could have come only from the heat resistant member of the pair by genetic recombination. The relaion8hip of phage C16 to the T2, T4, T6 specie8. It has been stated without supporting evidence (Hershey and Bronfenbrener, 1948) that phage C16, the type strain of Burnet's serological group 11 of the col-dysentery phages, is related to phage T2. Therefore, the criteria of phage classification were applied to demonstrating the relationship between C16 and the T2, T4, T6 phages.
A serological relationship was demonstrated by determining the rate of inactivation of phage C16 by anti T2 serum at 37 C. The inactivation followed first order kinetics, 0.9 of the phage being inactivated in 12 minutes at a serum dilution of 1/100, giving a velocity constant of 20 per mm as compared with a velocity constant of 720 per min for phage T2 with the same antiserum.
The host range of phage C16 is compared with those of T2, T4, and T6 in table 4. It should be noted that C16 is quite distinct from any of its relatives since it forms plaques on strain Cullen of E. coli which is resistant to T2, T4, and T6. Also, strain B of E. coli undergoes mutation to B/C16 which is still susceptible to all the seven T phages, though resistant to C16.
The C16 stock yielded mainly small fuzzy plaques similar to the r+ forms of T2, T4, and T6. However, a few larger plaques typical of the r mutants in this species were found and on subculture gave rise to pure r stocks. Subculture of 7+ plaques produced r+ stocks containing about 1/1,000 r plaques. When used to inoculate broth cultures of strain B, the r stock produced rapid lysis while the i+ stock showed the long delay in lysis called "lysis inhibition".
The latent period of phage C16 on B in nutrient broth at 37 C was 22 minutes and the burst size was 140.
When treated with ultraviolet light C16 phage was inactivated at exactly the same rate as T2. Multiplicity reactivation was tested for on a sample which had been diluted in buffer to 109 per ml and irradiated to a survival of 10^. This was adsorbed onto a culture of strain B at an input ratio of 1 phage particle per bacterium and then assayed for infective centers. There was a hundredfold increase in infective centers as a result of multiplicity reactivation, the assay going from 101 infective centers per ml, when diluted in broth and plated, to 107 infective ,centers per ml when adsorbed to strain B. It is also of interest that the sensitivity to inactivation by X-rays of phage C16 as observed by Luria and Exner (1941) is exactly the same as the sensitivity of T2, T4, and T6 as observed by Watson (1950) , and of T2 as observed by Latarjet (1948) . In all cases the "inactivation dose", that dosage giving a survival of e7l, was found to be 40,000 roentgen.
Mixed infection experiments were conducted in the usual way using B as the common host and B/2 and B/C16 as indicator strains. The input ratio was 2 (C16r and 2 T2r+ phage particles per bacterium. About 5 per cent of the infected bacteria were mixed yielders as judged by clear plaques on mixed indicators and by mottled plaques on strain B. About 30 per cent of the bacteria liberated C16 with an average burst size of 10, and 60 per cent liberated T2 with a burst size of 100. The plaque morphologies of the lysates on the indicators were examined with respect to r+ and r character. Appropriate plaques were picked, replated on the indicators to ensure purity, then repicked and plated on B for comparison -with the parental type. Most of the C16-like progeny on B/2 gave large plaques apparently of r character. However, two fuzzy plaques were picked, and on replating one was typical of the parent C16r while the other was a C16r+ strain. This corresponded to 1 per cent of the C16 progeny, but other r+ plaques may have been missed. The C16r parent stock contained no detectable r+ particles. The T2 progeny plated on B/C16 gave about 10 per cent T2r and 90 per cent of parental T2r+ type. Two of the T2r type plaques were subcultured and demonstrated to be typical T2r. The T2r+ parental stock contained less than 1 in 250 of the r variant. Therefore, mixed infection with C16r and T2r+ has given rise to the new recombinant phage types C16r+ and T2r.
DISCUSSION
The criteria suggested for the classification of bacterial viruses (Adams, 1952) may be grouped under the following headings: (1) serological relationship; (2) size and morphology; (3) susceptibility to inactivating agents; (4) characteristic physiological properties; and (5) The application of these criteria indicates that phages T5, PB, BG3, and 29 alpha belong in one species while phages T2, T4, T6, and C16 should be placed in a second species. A summary of the significant properties of these two phage species is included in table 5. The last column in this table indicates whether or not the property under consideration is of value in distinguishing between thetwo species. Some of the properties which are not of distinctive value are included in the table because they do serve to distinguish these two species of phage from. other well known strains of enteric phages such as Ti and T3.
It is felt that these criteria are adequate to define and characterize the T5 species and the T2, C16 species of phages attacking the enteric bacteria. Not enough is known of the properties of other species of bacterial viruses to make it possible to define genera in this group of microorganisms; therefore, the relationship of the T5 species to the T2, C16 species must remain undefined at present. It is not improbable that each of Burnet's twelve serological groups of colidysentery phages will eventually be recognized as a distinct species of bacterial virus. Even as the T2, T4, T6 serological group of Delbriick has been shown to be homologous with serological group 11 of Burnet, so evidence is at hand indicating that T3 and T7 are in the same species as the members of Burnet's group 2, and Ti is in Burnet's group 5. It is not yet known whether the T5 species is related to any of Burnet's serological groups. In discussing these groups of bacterial viruses the trivial names "T5 species" and "T2, C16 species" have been used. We are not proposing formal names for these two species because it is felt that such trivial names are adequate to designate the proposed species until such time as the International Congress of Microbiology shall reach agreement on the taxonomy and nomenclature of viruses.
PB, 29 alpha, and BG3 in the T5 species. It has also led to the conclusion that phage strain C16, the type strain of Burnet's serological group 11 of the colidysentery phages, is a member of the same species as strains T2, T4, and T6.
